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ABSTRACT The cultured T-ceU line T1L12^, established 
from the tumor-iafiltrating lymphocytes (TIL$) of a patient 
i?dtfc advanced metastadc melanontia, rect^lzcd an antigen on 
most HLA-A2* melanomas and on ail HLA-A^-^ cultured 
neonatal melanocytes In an HL A-A2 restricted manner but not 
on other types of tissues or cell lines tested. A cDNA encoding 
an antigen recognized by TIL1200 was isolated by screening an 
HLA-Aa*^ bre^it cancer cell line transfected with an expression 
cDNA library prepared from an ffl^A-A2+ melanoma cell line. 
The micieotlde and anmio add seqiM»ices of this cDNA w^e 
almc^t identical toi the genes encoding glycoprotein gpiOO or 
FmellT previous^ registered in the GenBank* EsEpresskm of 
this gene was restricted to melanoma and melanocyte cell tines 
and retina but was not expressed on other firesh or cnlfmred 
normal tissues or other types of tumor tested- The ceil line 
transfected with this cDNA also expr^sed antigen recognised 
by the melanoma-specific antibody BMB45 that boilnd to 
gplOO. A synthetic ltl*amino acid peptide derived from gplOO 
was recognised by TIL 1200 in the context of HLA-AZ,!* Since 
the administration of TIL1200 pins interleuldn 2 resulted in 
regression of metastatic cancer in the autologous patient^ gplQO 
is a possible tiimor reject^n antigen and may be useful for the 
development of innnunotherapies for patients with melanoma. 

T cells play an important role in the regression of several 
murine tumors. In humans, the adoptive transfer of tumor- 
inmtrating lymphocytes (TlLs) with interieukin 2 (IL-2) 
resulted in cancer regression in 35-40% of melanomapatients 
(1)* Thus, characterization of the antigens recognized by 
TELs may be important for understanding the basis of T-cell 
recogmtiott of growing tumors and for the development of 
new immunotherapeatic approaches. 

Many melanoma TILs recognize shared antigens on mel- 
anoma cell lines established from different patients in a class 
I major histocompatibility complex <MHC)-restricted fashion 
in vitro (2, 3). Three normal self-proteins encoded by the 
MAGE-1, tyrosinase, and MART-1 genes have been identi- 
fied as antigens recognized by melanoma-specific T cells 
(4-^7). The MART-1 gene was isolated using TILs, but the 
MAGB-1 and tyrosinase genes were identified using T-cell 
clones established from the peripheral biood of patients who 
were repetitively immunized in vivo with mutagenized tumor 
cells or whose peripheral blood isonphocytes were sensitized 
by repetitive in vitro simulation with tumon 

In the present study, we have cloned a gene encoding a 
second human melanoma tumor antigen recognized by TILs 

The publication costs of this article were defrayed in part by pa^e charge 
payment. This article must therefore be hereby marked ""^advertisement 
in accordance with 18 U.S.C §1734 solely to indicate this fact. 



that were associated with a dinica! anti-cancer response 
when the TILs were used to treat the autologous camber 
patient. Analysis of gene sequences in GenBank revealed that 
the cloned gene was almost identical to the gene encoding 
melanocyte/melanoma-specific protein Fmell7 or gplOO, 
which was recognized by monoclonal antibody HMB45. We 
have also identified a lO-amino aciid antigenic peptide in 
^100, which upon reconstitution in HLA-A2"^ mutant T2 
cells confers cytotoxic T lymphocyte (CTL) lysabOity. This 
antigen may be useful for the development of new immuno- 
therapeutic strategies for the treatment of patients with 
melanoma* 

MATERIALS AND METHODS 

cDNA EaqMres^km Ooiiing* Ttie cDNA25 clone encoding 
the melanoma antigen gplCK) w^s cloned by techioiques sim- 
ilar to those previously described (6, S). Briefly^ a breast 
cancer cell line, MDA231 , transfected with a cDNA library in 
ApCBV27 made from the SOlmel melanoom cfVi line was 
screened for antigen positivity by measuring interferon y 
OFN^r) secretion when cocultured with TIL1200. TIL12O0 
was generated by techniques previously described (9). The 
integrated cDNA wast recovered from the genomic BNA of 
positive transfectants by FCR and cloned into the mammalian 
expression plasmid pcDNA3 (Invitrogen). The full-length 
cDNA for CDNA25 was isolated from the SOlmel ApCEy27 
library using the cDNA25 probe. The A phage containing the 
foil-length CDNA25 was digested with Xko I and then self- 
ligated with T4 DNA ligase to make the plasmid pCEV27- 
FL25, Alternatively, afuQ-length cDNA25 isolated liy PCR 
using the specific primers designed for gplOO was cloned m 
pCRU (Invitrogen) and then cloned into pcDNA3 (pcDNA3- 
FI,25), To test whether this cDHA encoded a melanoma 
antigen it was retransfected into C0S7, A375, or MDA231 
and the resulting transfectants were tested for stimulation of 
TI1.1200. DNA sequences of the plasmid clones were deter- 
mined with an automated DNA sequencer (model 373A; 
Applied Biosystems), using the Taq DyeDeoxy terminator 
cycle sequencing kit (Applied Biosystems) using the manu- 
facturer's instructions. 

Peptide Synth^ls and Identification of Antigenic Peptides* 
Peptides were synthesized by a solid-phase method using a 
GUson AMS 422 multiple peptide synthesizer. The peptides 
were purified by HPLC on a Vydac C-4 column with 6.05% 

Abbreviations: IFN-rt Interferon y;IL-2, i«terlealdbft2;I|DLA, homp 
leukocyte antigen; TIL, tumor-infiltrating iympfeocyle; MHC, m^or 
histocompaUbiUty complex; CTL, cytotoxic T ^j/^mphqcyte. 
tTp whom reprint requests should be addressed. 
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trifluoroacetic acid/water/acetonitrile. To ideritify antiigenic 
peptides, TIL lysis of T2 c^s prenicubated with peptides for 
2 hr was measiired using a ^Cr release cytotoxicity assay, 

RESULTS 

Treatment of a Patient with Metastatic Melanoma using 
TIL1200, A 29-year-old male patient, 1200, with a widely 
fnetastatic melanoma who had previously failed chemother- 
apy and radiation therapy was treated with a single prepara- 
tory dose of 25 mg of cyclophosphamide per kg followed by 
the i.v, infiision of 1.6 10^^ TILs (including 9:i ,x 10^ ^^Hn- 
labeled TILs) plus seven doses of lL-2 zl 720,000 interna- 
tional units/kg given every 8 hr, A second cycle of treatment 
with TILs and IL-2 was given 3 weeks later. Radionuclide 
scans showed localization of TILs in tuiiior deposits (Fig. 
M). Biopsy of s.c, tumors on days 8 and 11 after treatment 
$howai significant localization of TILs to tui^ior (ratios of 
injectate per g in tumor compared to normal tissue were 14,9 




Time^ days 



Fig, 1. iA) Radionuclide scan of patient 1200 with metastatic 
oielanoma after receiving the adoptive transfer of autologous ^^^In- 
labeled TIL12G0. The arrow indicates one of the areas of TIL 
accumuiaticKi ccnresponding to a metastatic lesion in the left thigh. 
{B) Regression of s.c. metastatic Uunors following treatment with 
TII,1200 plus IL-2. Treatment began on day 0, 
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and 14,0, respectively). The patient's cancer regressed rap- 
idly following the first course of treatment* By 3 months after 
treatment* two of three liver lesions had disappeared and a 
third lesion shrank by 50%. Multiple sx. metastases re- 
gressed completely as shown in Fig. 1^ (the product of 
perpendicular diameters of individual lesions is shown). 

Characterization otm Vitro Function of TIL1200. A number 
of TIL lines established from HLA-A^*^ melanoma patients 
iysed melanoma cell lin^s in a class I MHOrestricted fashioM 
(2) and were shown to release IFNT-y, tumor necrosis factor 
or, or granulocyte/macrophage colony-stimuiating factor 
when cocultured with the same tumor ceU lines (3), A CD8^ 
CTL line, TIL1200, established from a metastatic s.c. tumor 
mass of patient 1200, lysed fresh autologous melanoma cells 
as well as 10 of 15 HXiA-A2"^ allogeneic melanoma cell lines 
but did not lyse i6 of 18 HLA-A2' melauQitia cell lines or 6 
of 8 HLA-Ai"*- nonmelanoma ceU lines (ref. 10; unpublished 
data). Table 1 shows a cytotoxicity assay against 5 represen- 
tative HLA-'A2"^ melanoma ceil lines that were Iysed by 
TIL1200, 4 representative HLA-A2"^ melanoma cell lines that 
were not lysed by TIL1200, and 1 HLA-A2" melanoma cell 
line. TIL1200 also secreted IFN-y when cocultured with 
HLA-A^"*^ normal ciiltured melanocytes established ^rbm 
neonatal foreskin as well as HLA'-A2'^ melandma cell lines 
(Table 2). Therefore, TIL1200 speared to recognize a nqn- 
mutated self-peptide expressed in inost melanomas and cul- 
tured neonatal melanocytes m an HLA-A2 restricted fashion. 

Cloning of the ct>NA Coding for a Melanoma Antigen 
R^gnized by T CeWs. A cDNA library in A pCE V27 from the 
HLA'-A2'^ SOlmel melanoma cell line^ which was lysed by 
most HLA-A2 restricted melanoma-specific TILs, was stably 
transfected into the highly transfectable HLA'A2^ mela^ 
noma antigen-negative MDA231 clone 7 or A375 clone 1-4. 
G4I8-resistant cells were selected arid ^^6700 individtial 
transfectants from each cell line were isolated and screened 
based on then: ability to stimtilate IFN-y secretion from 
TIL1200, Six DNA firagments were isolate by PGR using 
SP6/T7 primers flanking the integrated DNA from four 
MDA231 and one A375 transfectants that were pc^itive in a 
second screening and were cloned into the mammalian ex- 
pression vector pcDNA3, 

These fragments in the pcbNA3 vector were transiently 
expressed in the COS7 cells with or without pcDNA3-HLA- 
A2*l» Transfection into CdS7 of one of the cDNAs tested^ 

Table 1. SpecijBicity of antigen recognition by TrL1200: 
Lysis of HLA-A2^, gplOO'*' melanoma cell lines 



gpIOO 
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RPMI7951 • 
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WM115 
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68 


KS695T 
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87 


397inel 




4- 




a 


70 



A 5-hr ^^Cr release assay was performed to measure cellular 
cytotoxicity at an effectontarget ratio of 40:1 as described (9), 
Expression of HLA-A2 and gplOO recognized by mouoclonaJ anti- 
body ^MBAS (Enzo Diagnostics) was measured by flow cytometry 
[fluorescence-activated cell sorting (FACS)]. Expression of gplOO 
RMA was analyzed by Northern blot with a cDNA25 probe. LAK, 
lymphokSne-activated killer cells. 

indicates very weak positive. 
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Table 2, Specificity of antigen recognition by TILI200: 
Recognition of HLA>A2^ oeonataJ ik^lanocytes 



Stimulator 


HLA-A2 


TIL1200 


TIL88S 


501inel 




562 


0 


624mel 




439 


0 


397mei 




0 


0 






0 


1970 


NHEM4^3 




441 


0 


NHEM527 




41S 


0 






164 


0 


NHBM616 


+ 


53 


0 


FWr725 


+ 


107 


0 


FM801 


+ 


250 


343 


lSfHEM4S3 




0 


0 


NHEM680 




0 


0 


HA002 




0 


0 



iFN-y secretion by TILs was measured by ELISA a? described 
(6). The amount of IFN-y secreted by TILs alone was subtracted (8S 
pg/ml for TIL85S axtd none for TELi200), TIL8B8 is a class I 
MHC-restncted meianoma-specific CTL, not restricted by HLA-A2. 
NHBM, FM, and BA refer to nonnal cultured melanocyte ceU lines; 
all others ate melanoma cell lines. 

CDNA25, along with HLA-A2.i reproducibly conferred the 
ability to stimulate secretion of IFN-y from TIU.200, The 
stable transfection of cDNA25 into A375 also stimulated 
IFN-r release from TrL1200 {Table 3, experiments 1 add 2). 
A 2.2-kb band detected by Northern blot analysis of the 
melanoma using the cDNA25 probe suggested that the cloned 
1.6-kb fragment was not a full-length cDNA, Corriparison 
with the GenBank data base of the consensus DNA sequetice 
of three cDNA25 clones that were independently amplified 
by PCR revealed that cDNA25 was almost identical to two 



Table 3. Traiisfecdon of cDNA 25 into A375 and COS7 
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HLA-A2 
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CX3S7 
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PCDNA3-FL25 




0 


COS7 


HLA-A2,l+pcDNA3-FL25 




801 



TD>1200 secreted IFN-y when cbincubated with HLA-A2+ A375 
stably transfected with pci>NA3 containing trancated cDNA25 
{pcDNA3-25) (experiment 1) or COS7 transiently transfected with 
either pcDNA3-25 (experiment 2), pcDNA3 containing full-length 
cbNA25 {pcDNA3-FL25), or pCEV27 containing fuU-length 
ct>NA25 (paEV27-FL25) {experiment 3> along With pcDNA3 con- 
taining HLA-A2.1 (HLA-A2.1)* HLA-A2 expres^on was deter- 
mined by flow cytometry and IFN-y secretion was measured by 
BOSA. 
iSecretion by TIL1200, 



previously registered genes, gp95 and Pmell? (11)* The gp95 
sequence in GenBank has recently been i^dated to gplOO 
(G J.A., A. J. de Boer, A, M. Vogel^ W. A. M. Loenen, and 
C. G* Figdor, to be reported elsewhere) (Fig. 2>» 

The !uH4ength cDNA25 (FL25) was isolated in two pias- 
mids, pCEV27-FL25 and pCDNA3-FL25. Transfection of 
either plasmid into COS7 along with pcDNA3-HLA-A2.1 
conferred to COS7 the ability to induce IFN-y secretion by 
TIL 1200. The amount of IFN-y secretion stimulated by COS7 
transfected with the full-length DNA plus HLA-A2J was 
similar to that stimulated by 501mei and was higher than that 
stimulated by COS7 transfected with the truncated cDNA25, 
possibly due to improved translation starting at the normal 
AUG initiation codon (Table 3^ experiments 2 and 3). Alter- 
natively, the 5' region missing from the truncated cDNA25 
may contain other epitopes recognized by clones in TILi200. 
The requirement for HLA-A2.1 expression for BFN-y release 
from TIL120a and the fact that transfected cells did not 
stimulate IFN-y secretion from hrelevant TILs (data not 
shown) demonstrated that the cDNA25 encoded an antigen 
recognized by TILi20a in the context of HLA-A2.1 and did 
not encode a molecule that nonspeciftcally induced IFN-y 
release from T cells- 

The nucleotide and corresponding amino acid sequences of 
the truncated cDNA25 and the full4ength cDNA25 dioned 
from the 501mel cDN A iibrairy by screening with the cI>NA25 
probe (Fig. 2A) were compared with the GenBank sequences 
of Pmell? isolated from nonnal melanocytes and gplOO 
isolated from the melanoma ceil line MEL-l (Fig. 2B). The 
amino acid sequence of the fiall-length cDNA25 was identical 
to i^iOO except for the one amino acid at position 162 
possibly caused by polymorphism or mutation in the tumor. 
CDNA25 had 2 amino acid differences at positions 162 ^d 
274 compared to Pmell? and did not contain 7 amino acids 
that existed in Pmell? at positions 588-594. The amino acid 
sequence of the truncated cDNA25 that was isolated from the 
original MDA231 transfectant has a difierent sequence at the 
3' end (froin position 649 to the end) due to a frameshift 
caused by one extra cytidyUc acid. It is not clear whether this 
diHerence was due to a true allelic difference or to a mutation 
th^ occurred during manipulation of the DNA, Neverthe- 
less, Ti3L1200 appeared to recognize nonmutated peptides 
located between positions 236 and 648. cDNA25 also had 
87% similarity in amino acid sequence to cDNA RPEl (12) 
speciScally expressed in bovine retinal pigment epithelium 
and 60% similarity to cDNA MMP115 that encoded a mei- 
anosomal matrix protein isolated from chicken pigmented 
epithelial cells (13). 

A 

X HEir^VLJatCLX. HIAVIGIAIiE^A. VtSATKVPRHQ I>WL<JVSRQX^ TKATOEaCL-irP 

SX EWTEfijORU5C WaOOQV^LKV SHDCS^I.X'SA NASFSIALJJF PCfSQKVLPCK? 

lOX ftVlWVllWTXI NGSaV3T«<3GQP WJPQETDDAC IFPCGfGPCP^ C^WfSQKElSFV 

XSl YVttKtWGftYW ?5S'I/S<SPVSG1* Si:<3T<3RAMI.G TMTMEVTVYH JUlOSRSYVPTc 

201 ?^SS SAFTIT COVIPFSVSVS OIJaAI»I5<3CJrSC HPliHNOFLlF ALQIiHDPS<3V 

251 IjAEADI^SYTW DPGDSSGTLt SStALWlTHTy IiSPOBfVTAgV VLQAAIPLTS 

301 C<5SSeVP(3TT DGHRX^TA^^AP STTJV3QVPTT EWGTTPeQ^i. t1P3ySjPSt?TTS 

SSX VQfVSTTEVIS TRPVQMPTAfi STGMTPEKVS^ VSBVJKSTTfJV EfSSTS'JBKrSrt 

40X TSAjffiVSrWL SC3TTAagVTnr «B»VBTTailB LPIPSPEGPO MtSIMSTBSl 

4S1 TesT^sg i^^ '^ATi^i^ yyjtQ vpii>cvi;.Ticir GSPsvTLorv qguksakxiiO 

501 AVI^SGE^I>AF SLTVSCQGGZ^ PICBftCMElSS PGCQPPA0B1« OQPVZtESFAC 

SSI QIiVlSQIIiKa (SSGTYCHTWS I4«)TW8IJkW STQI*IME<SQfi MaWXJV1?I.rV 

6 OX GJIAVIWAVV lAfiLXYSaHL MKQ»FSVPOI. 5KSSSiSWI.Rl* iPftXFCSCeiG 

6&X SMS£>JUU56QQ V 

B 

Pmell? M V « P VP<SII.LT l^I-SGftflfV 

gpXOO »- V O-----^ 

cDsjasFti « F Q L 

<SI3HA2STft Q^^^^-i, SBQWflAGr.STl.1 

X IfiZ 23« 374 588 64» 

Fig. 2. (A) Amnio acid sequence c£ the MMength cDNA25. The 
antigenic peptide is underlined. (B) Comparison of the amino acid 
sequence of the fhU-length cDNA25 (cDNAZSFL), the tnincated 
form of CDNA25 (cDNA25TR), Pmell7, and ^100. A dot (*) indi- 
cates deletion; a ^sh (-) indicates identity. 
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Since gplOO was known to be recognized by oionoclonal 
antibody HMB45 {14) the expression of gplOO on COS7 ceils 
tmisfected with the fiiU-length cDNA25 was evaluated by flow 
cytometry using this monoclonal antibody. After transient 
e?qpre$sion of either pCHV27-FI,25 or pcDNA3-FL25, COS? 
expressed the antigen detected by HMB45 (data not shown). 

EacjpressioB of RNA for cDNA25* Northern blot analysis was 
performed with the cDNA25 probe to evaluate the tissue- 
specie expression of this gene. Ten of 15 melanoma cell lines 
and 6 of 6 melanocyte ceff lines were positive for cDNA25. 
Of many normal tissues tested, only retina was positive (Fig. 
3). Seven cell lines from T-cell (TILA, TILB), B-cell 
(501EBVB, 836EBVB), and fibroblast (Ml) and 20 nonmel- 
anoma tomor cell lines (colon cancer, Collo, SW480, WiDr; 
breast cancer, MDA231, MCF7, HS578, ZR75; neuroblas- 
toma, SK-N-AS* SK-N-SH; Ewing sarcoma, TC75, RD-ES, 
6647; sarcoma, i43B; gUoma, U13SMG, HS683; renal cell 
cancer, UOK108> UOK117; small cell lung cancer, H1092; 
Burkitt lymphoma, Daudi ; myeloma, HMY) were ail negative 
for CDNA25 (data not shown). Therefore, this gene appeared 
to be specifically expressed in melanocyte lineage cells, 
consistent with the expression pattern of gpiOO when ana- 
lyzed using monoclonal antibody HMB45, NKI/betab, or 
HMB-50 (14--18), The levels of expression of gplOO RNA in 
cultured neonatal melanocyte cell lines were significantly 
lower than that in melanoma cell lines. There was a perfect 
correlation between gpl(^ expression tested by Northern 
blot analysis with cDNA25 and flow cytometry using HMB45 
antibody and melanoma lysis by TIL1200 in the 10 HLA-A2^ 
melanoma cell lines as shown in Table 1. 

Ideiiti0catlon <^ the E[»tope in gpiOO. Based on a compar- 
bon of the amino acid sequence of the truncated form of 
CDNA25 to known binding motife of HLA-A2a (19--21)> 30 



Table 4. TII.1200 lysis of the T2 HLA*A2^' cell line pulsed vnth 
the peptide LLDGTATLRL 



Melanoma 



Probe 
CDNA26 
|3-actin 



S § ^ 

"S <& <i> ^ <o t^52ti5 

Kn IT) lijp ~ 



^ O OC ^ X § 
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Melanocyte 
^ ^ S 

2 :2 :2 5^ 

S X X X s 
S z 2: LL 



o 



CDNA2S 
p-actin 




. Normal Tissue 




CDNA25 

Fig. 3. Kortiiem blot auaiysis of meJanoma and neonatai mel- 
anocyte ceil lines and various fresh tissues (10-'20 fjLg of total RNA) 
with a CDNA25 probe (the Sai I-digested fragment of pCRII- 
CDNA25) and the p-actin probe (Clontech). C32 and 586mei mela- 
noma cell lines and NHEM529 and NHEM530 neonatal melanocyte 
cell lines were very weak positive. 
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ND, not done, 

*XIL12{K) lysed T2 cells pulsed with the lO-mer peptide, JLUDG- 
TATLRI. (457-466), but not other 29 peptides (residues 273^281, 
373--381, 399^407, 399--40S, 409-418, 456^464, 463-471, 
465-^73, 476--485, 511-520, 519-52S, 544^-552, 544^553, 570-579, 
576-^84, 576--5S5, 5S5-593, 59^-600. 597-605, 597-^, 602™610, 
602-611, 603-611, 605-614, 606-614. 606"615» 619-627. 629-63?). 

tEffectontarget ratio of 50:1, 

*TIL1235 is an HLA-A2 restricted mclanCMoia-specific CTL that does 

not recognize gplOO, 

peptides of 9 or 10 amino acids in length from cDNA25 were 
synthesized. TIL1200 lysed the HLA-A2^ cell line, T2, only 
when incubated with the peptide LLDGTATLRL (residues 
457-486) but not when incubated with the other 29 peptides 
(Table 4, Fig, 2A), Only peptide LLDGTATLRL was able to 
also stimulate IFN-y secretion by TIL1200 (data not shown). 

DISCUSSION 

Many melanoma-specific CTLs derived from TILs appear to 
recognize nonmutated self peptides derived from melanocyte/ 
melanoma lineage-specific proteins, since these TILs recog- 
nize most melanoma cell lines and normal cultured melano- 
cytes sharing the appropriate restriction element (22, 23). In an 
attempt to isolate and identify melanoma antigens of possible 
value in the immunotherapy of melanoma patients* we used 
TILs, TIL1200, which, when transferred into a patient with 
metastatic cancer, localized to the tumor site and was asso- 
ciated wiUx a dramatic tumor regression. We have previously 
shown that, in contrast to nonactivated lymphocytes and 
lymphokine-activated kiEer cells, autologous TILs localize to 
tumor sites. This localization correlated with the ability of 
these TILs to mediate tumor regression (24). T!L1200, which 
is a TIL Ime containing multiple CTL species, recognized a 
tumor antigen in the context of HLA-A2, which is the most 
frequently expressed class I MHC antigen (about 50% of 
individuals) and has been shown to be a dominant restriction 
element for the induction of melanoma-specific CTLs (25), 

By cDNA expression cloning using T-cell recognition for 
screening, we have isolated a cDNA encoding an antigen 
recognized by TIL1200 and identlTied it as gpXOO, a mem- 
brane glycoprotein also recognized by monoclonal antibody 
HMB45, HMB50, or NKI/betab (14-^18). These antibodies 
are highly specific for melanocyte lineage tissues and strongly 
stain most melanoma cells. NKI/betab also reacts with adult 
melanocytes in normal skin (17). Immunoelectron-micro- 
scopic studies using either HMB45 or NKI/betab antibody 
revealed that gplOO was m^nly located in a membrane and 
filamentous matrix of stage I and H melanosomes in the 
cytoplasm (17, 26), The function of gplOO is unknown. By a 
completely independent procedure, the cDNA encoding 
gpICK) was also isolated by screening with a rabbit polyclonal 
antiserum against gplOO (ref. 14; GJ.A., A. L de Boer, 
A. M, Vogel, A. M. Loenen. and C, G. Figdor, unpub- 
lished data) and TlL120b also lysed HLA-AZ"*" ceD lines 
transfected with this cDNA clone (27). 



6462 Immunology; Kawakami et al 

The existence of T cells reactive to the self-antigen gplOO 
in tumors and the possible enrichment of these T cells at the 
mmor site as a possible consequence of the specific accu- 
mulation and expansion of antigen-reactive cells (2S) raise 
ioiportant questions about the nature of the immune response 
to self-antigens on growing cancers and about the mecha- 
nisms of immunologic tolerance to self-antigens. The in- 
creased expression of gplOO on melanoma cells relative to 
that in melanocytes demonstrated by Northern blot analysis 
or the unique infiammatoxy conditions that might exist at the 
tumor site, which may be associated with the secretion of 
cytokines and expression of costknulatory molecules on the 
ceil surface, could break tolerance to gplOO, DepigmeDtadon 
has been reported to be associated with a good prognosis (29, 
30) and with clinical response to chemoimmunotherapy (31) 
in melanoma paUents. Although we have seen sporadic 
vitiligo in the patients receiving melanoma-specific TELs we 
have not observed any adverse ophthalmologic effects that 
might be related to melzmocyte destruction. Patient 1200 did 
not develop vitiligo or any ophthalmologic side effects. The 
surface expression of the gplOO peptide in the context of 
HLA-A2 on adult melanocytes in normal skin and retina 
i:^mains to be evaluated- 

The gplOO protein and the 10-amino acid peptide that we 
have identified may represent a human tumor rejection 
antigen since the transfer into patient 1200 of TIL120D plus 
IL-2 was associated with cancer regression. The traffic of 
TIL1200 to tumor deposits in vivo and the rapidity of the 
antitumor response are characteristics of the response to TIL 
therapy, although IL-2 may also have been involved in the 
tumor rejection* Adoptive transfer of three other TIL lines 
that recognized gplOO as well as MART-1 also mediated 
tumor regression (7). 

Tyrosinase {5) and MART^-l (6) have previously been 
identified as melanoma antigens recognized by HLA-A2 
restricted CTLs. Another antigen, MAGE-1, is recognized by 
HLA-Al restricted melanoma-specific CTLs and is ex- 
pressed on a variety of cancer cells as wcU as testis (4). 
However, none of the 10 HLA-A2 restricted TILs recently 
developed in om: laboratory appeared to recognize MAGE-1 
or tyrosinase (ref. 32; unpublished data). Since the CTLs 
used to identify MAGE-1 and tyrosinase were derived from 
the peripheral blood lymphocytes of patients following re- 
petitive in vivo or in vitro immunization (4, 5), this may be 
attributed to the different methods used to generate anti- 
melanoma CTLs. 

The wide expression of gplOO in melanomas, the recogni- 
tion of a peptide by T cells infiltrating into tumor, its 
restriction by HLA- A2, present in 50% of individuals, and the 
association of anti-gplOO reactivity with cancer regression in 
patient 1200 imply that the gpIOO antigen may be particulariy 
useful for the development of immunotherapies for patients 
with melanoma. 

We thank O. M. El Badry, R. Halaban, J. Hazen-Maitin, M. 
Herlyn, M, Linehan» F. M. Maxmcola, L D, Mintxa, K, Sgagias, 
D. A. Sens, S. L, TopaHan, and M. Tsokos for providing many cell 
lines, M. C, Custer for technical assistance^ A, Mixon and E, B, 
Ktzgerald for flow cytometric analysis, M* Oonda and Huchison 
for DNA sequencing, and A, B. H, Bakker and C- G. Figdor far 
stimulating discussion and critical reading of the manuscript. 

1. Rosenberg, S. A„ Packard, B, S. , Aebersold, F. M. , Solomon. 
D.,Topalian,S, L.,Toy,S. T., Simon, P,,I-Otze,M. T.,Yang, 
J. C Seipp, C, A., Simpson, Carter, C, Bock, S„ 
Schwartzentruber, D. J„ Wei, J. P. & White, D. E. <1988) M 
En$L J. Med. 319, 1676-^1680. 

2. Kawakami, Y,, Zakut, R., TopaJian, S. L., Stotter* H. & 
Rosenberg, A, (19&2) J. Immunol. 14S^ 638-643, 

3. Horn, S. S., Schwartzciitmber, D. I*, Rosenberg, S. A & 
Topalian, S. L. (m^) X Jmmunother, 13, 18-30. 

4. Bniggen. P- V. Travcrsad, C, Chomez, P., i-tmium, C, 



Proc. NatL Acad, ScL USA 91 (1994) 

De Flaen, E . , Van Den Eynde, B Kuuth, A. Boon, T. (im) 
Science 254, 1643-1647. 

5. Brichard, V. , Van Pel, A. , Wolfel, T- , Wolfel» C, , De Plaen , E. , 
Lethe, B., O^lie, P, & Boon, T. (1993) J. Exp. Med, 178, 
489-495. 

6. Kawakami, Y*, Eliyahu, S., Delgado, C. H,, Robbms, P. F., 
Rivoltini, Topalian, S. L,, Miki, T. & Rosenberg, S, A, 
(1994) Froc. NatL Acad, ScL USA 91, 3515-3519. 

7. Kawakami, Y., Eliyahu, S,, Sakaguchi, K., Robbins, R, F,, 
Rivoltini, L., Yaimelli, J* R., AppeUa, E. & Roseitbeng* S. A- 
(1994) J, Exp. Med. 179, in press. 

8. Miki, T., Fleming, T. P., Crescenzi, M., MoOoy, C* JF.^ Blam, 
S. B., Reynolds, H. & Aaronsott, A. (1991) Froc, NatL 
Acad. ScL USA 88, 5167--5171. 

9. Kawaicamt, Y., Rosenberg, S- A. & Lotz«, M. T. (1988) J, Exp. 
Med, 168, 2183^2191. 

10. Sfailyansky, J., Nishimnra, M- L, Yaitnelli, J. R., Kawakaim, 
Y,, Jacknin, L. S„ Charmley, F. & Rosenberg, S. A, (1993) 
Froc. NatL Acad. ScL USA 91, 2829^2833. 

11. Kwon, B. S., Chintamaneni, C, Kozak, C. A., CopeJand, 

Gilbert, D, J., Jenkins, N*, Barton, D,, Francke, U,, 
Kobayashi, Y. Kim, K, (1991) Froc. Natl Acad, ScL 
USA 88, 9228-^9232. 

12. Kim, R. & Wistow, G. J, (1992) Exp, Eye Res, 55, 657-.662. 

13. Mochii, Agata, K. ^ BgocM, (1991) Figment CeU Res. 
4 41«w47, 

14. Adema, G. J., de Boer, A. J., van't Hullenaar, R„ Demjn, M., 
Rniter, D. J., Vogel» A. M. &^ Figdor, C. G. (1993) Am. J. 
FathoL 143, 1579-1585, 

15. Gown, A M., Vogel. A, M., Hoak, D., CJough, F, & McNtitt, 
U. A, il9B6) Am, J, FathoL 123» 195-203. 

16. Colombari, R,, Bonetti, F., Z^boni* O., Scarpa, A,* Marino, 
F., Tomeza&oli, A., Capdli. P., Menestrina, F„ Chilosi, M. & 
Fiorc-Donati, JU. (1988) Virchoy^s Arch. A Fatfu>L Anat. 413, 
17—24. 

17. Veouegoor, C Hageraan, P,, Van Nouhwys, H. , Ruiter , D. J., 
Calafat, J., Ringens, P- 3, 8c Rumke, P, (198S) Am, J. FathoL 
130 175>— 192* 

18. Vogei. A, M. & Esclamado, R- M. (1988) Cancer Res. 48, 
m6-1294. 

19. Falk, K„ Rotzschke, O,, Stevanovic, S., Jung, G. & Ramm- 
ensee^ H,-G- (1992) Nature {London) 351, 290--296, 

20. Hunt, D. F., Henderson, R, A., Shabanowitz, J., Sakaguchi, 
K,, Michel, H., Sevilir. N„ Cox, A. L., Appella, E. & Ew- 
gelhaxd, V, H. <1992) Science 255, 126W263. 

21. Ruppert, J., Sidney, CeUs, E., Kwbo, R. T., Grey* H. M. & 
Sette, A, (1993) CeU 74, 929-937, 

22. Anichini, A», Maccalli, C„ Mortaiini, R*, SaJvi, S,, Mazzocchi, 
A.. Squarcina, P., Herlyn, M. & Panniani, G, (1993)/. Exp. 
Med, 177, 989--99S, 

23. Kawakami, Y., Nishimura, M. I., Restifo* N. P., Topalian, 
S. L., 0*Nefl, B, H., Shilyansfcy, J., Yanneili, J. R. & Rosea- 
bcrg, S. A. (1993) J, Immunother. 14, 88--93, 

24. Pock^, B. A, Sherry, R., Wei, J., YaimelH, J. R-, Carter, 
C. S,, Leitman, S. F., Carrasquilio, J. R„ White, 0. E., Stein- 
berg, S. M., Rosenberg, S. A. 8c Yang, J. C. (1994) Cancer 7^, 
i73I"-i737. ^ ^ ^ ^ 

25. Crowley, N. J., Darrow, T, L., Quinn-Allen, M, A» & Seigler, 
H. F. (1991) ImmunoL 146, 1692-1699, 

26. Schatimburg-Lcver, G., Metzler, G. Kaiserling, E. (1991) J * 
Cutaneous FathoL 18, 432-435. 

27. Bakker, A. B. H„ Schreurs, M- W. I., de Boer, A. J», 
Kawakami, Y., Rosenberg, S. A., Adema, G, J. & Figdcff, 
C, G. (1994) J. Exp: Med, 179, 1005-1009. 

28. Sensi, M., Salvi, S., Ca&telli. C„ Macc^, C, Mamicchi, A-, 
Mortarini, R., Nicoiini, G., Herlyn, M., Parnuani, G. & Am- 
cliini, A. (1993) J, Exp, Med. 178, 1231-1246. 

29. Nordlund, J. J., Kirkwood, J. M., Forget. B, M*. Milton, G„ 
Albert. D. U. & Lemcr, A, B. (1983) /. Am. Acad, DermatoL 
9 689 69,? 

30. Bystryn, J.'-C, RIgel, P., Friedman, R. J, & Kopf, A. (1987) 
Arch, DermatoL 123, 1053--.1055. ^ ^^^^ 

31. Richards, J. M., Mehta, N., Ramming, & Skosey, P. (1992) 

Clin. Oncol 133S"'1343, 

32. Zakut, R., Topalian, S. L., Kawakami, Y„ Mancuis, M., 
Eliyafii, S. & Rosenberg, S. A, (1993) Cancer Res, 53, 5-8. 



